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Abstract

Aim: Amputee mobilisation requires prosthetic device use regardless of the amputation level and type. The socket is the most important part of the prosthesis
and is manufactured by conventional methods worldwide. Recently, computer-aided design/computer-aided manufacturing systems have been frequently
used in Europe and the United States for socket design. Use of the computer-aided design/computer-aided manufacturing method for socket production is
increasing day by day. Are the sockets produced by this method advantageous or disadvantageous for amputees compared to the sockets produced by the
conventional method? These results will provide guidance for units and centres that produce both above-knee and below-knee prostheses. For this purpose, we
investigated whether there are differences between amputees fitted with conventional sockets and those fitted with computer-aided design/computer-aided
manufacturing sockets in terms of their clinical characteristics and quality of life. Material and Method: In total, 56 patients, 28 fitted with a conventional
socket (CS group) and 28 fitted with a computer-aided design/computer-aided manufacturing socket (CAD/CAM group), were included in the study. The dura-
tion of daily prosthetic use, walking time with the prosthesis, walking distance with the prosthesis, walking time with the prosthesis without pain, time of
adaptation to the prosthesis, causes of amputation, and manufacturing and fitting time of the prosthesis were investigated. Quality of life was evaluated using
the 36-item Short-Form Health Survey (SF-36) and Turkish version of the Trinity Amputation and Prosthesis Experience Scales (TAPES). Pain was evaluated
using the visual analogue scale (VAS). Results: General and mental health statuses were somewhat better in the CAD/CAM group. Results were more favour-
able in the CAD/CAM group for the other items of the Short-Form 36 (SF-36) questionnaire (p > 0.05). The CAD/CAM group performed better in restriction of
activity subscale (p = 0.012). There were no statistically significant differences between the groups regarding other parameters of TAPES (p > 0.05). The daily
walking time with the prosthesis was higher in the CAD/CAM group than in the CS group (statistically significant; p = 0.020). The manufacturing and fitting
time of the prosthesis was significantly different between the CAD/CAM and CS groups (p = 0.017). The VAS pain score was significantly lower in the CAD/
CAM group (p < 0001). Discussion: Prosthetic sockets manufactured for above-knee amputees using the CAD/CAM method yielded some better outcomes than
those manufactured with conventional methods in terms of quality of life.
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Introduction

Amputation is the removal of the whole or a portion of an ex-
tremity. Lower-extremity amputation represents a trauma that
impairs the individual’s quality of life and restricts social ac-
tivities. Regardless of the amputation type and level, patients
require prostheses to mobilise and perform activities of daily
living. Balance, proprioceptive sensation, walking time, walking
distance, and social activities become restricted as the level
of amputation gets higher. Thus, both above- and below-knee
amputees need functionally designed prostheses. The residual
limb socket fit needs to be good for a functional prosthesis [1].
The socket is the most important part of the prosthesis. Various
methods are used in socket manufacturing. Conventional sock-
ets (CSs) are widely-used type and they are manually produced
by prosthesis technicians worldwide. CSs are often referred to
as quadrilateral socket in above-knee prostheses. Quadrilateral
sockets were used and named for the first time at the Univer-
sity of California, Berkeley, US in 1950. The patients are pre-
scribed this socket with the assurance that it would last for 30
years as it allows more comfortable and efficient gait pattern
in the amputees [2]. Computer-aided design/computer-aided
manufacturing (CAD/CAM) systems are used to capture resid-
ual limb shape in a digital environment and this method relies
on processing all measurements and modifying the model us-
ing computer software. The CAD/CAM method was introduced
into practise in 1985 in many international centres to design
and manufacture prostheses and orthoses [3-8]. This method
provides significant advantages to the central production units.
However, despite these advantages, sockets manufactured us-
ing the CAD/CAM method have not been reported to be superior
to those manufactured using conventional methods [9]. There
are also studies suggesting no superiority of one method to the
other [10,11]. In addition, there are few studies evaluating qual-
ity of life, and they have used a limited number of parameters
[12,15]. We aimed to investigate whether patients fitted with
CSs and CAD/CAM sockets show differences in their clinical
characteristics and quality of life.

We examined the files of patients who were previously prosthe-
tized in our Orthotics prosthesis unit. 35 transfemoral ampu-
tees receiving the traditional socket and 35 receiving a socket
made using CAD/CAM were invited to participate in the study.
Four amputees who were treated with conventional methods
and three amputees who were treated with CAD/CAM were ex-
cluded from the study because they did not meet the inclusion
criteria. In addition, four amputees with conventional sockets
and three amputees with CAD/CAM sockets did not agree to
participate in the study. A total of 56 above-knee amputees (28
conventional, 28 CAD/CAM sockets) were included. Their ages
ranged from 18-85 years and the prostheses were manufac-
tured by the Dicle University Prosthetics and Orthotics Unit be-
tween July 2012 and February 2015. The inclusion criteria were
prosthesis =3 months before enrolment and age =18 years.
Patients aged <18 years and those with diabetes, infections,
circulatory disorder, sensory disorder, malignancy, progres-
sive neurological disease, severe osteoporosis, severe obesity,
pregnant women, patients with pacemakers, and those with a
chronic disease (e.g., hypertension and chronic kidney disease)
were excluded. All patients provided oral and written consent

to participate in the study. The study was approved on 18 July,
2012 by the Ethics Committee of Dicle University, Faculty of
Medicine. The same unit and operator produced prostheses for
patients for whom sockets were produced with the CS or CAD/
CAM methods. The TracerCAD programme was used to pro-
duce sockets. A silicone liner, monocentric knee joint and solid
ankle cushion heel were used for above-knee suspension in all
patients. All patients attended a 3-week walking, balance, and
strengthening rehabilitation programme after receiving their
prosthesis. Age, gender, body mass index, dominant hand, in-
come level, occupation, and educational status of the patients
were recorded. Furthermore, the duration of daily prosthetic use,
amputation side, presence of neurological deficits, visual ana-
logue scale (VAS) pain score, the method used in socket fabrica-
tion, duration of daily prosthetic use, walking distance with the
prosthesis, production time of the prosthesis and compliance
to rehabilitation programme with the prosthesis were evalu-
ated. Duration of prosthetic use (months): calculated from the
time of prosthesis delivery until enrolment in the study as de-
termined by reviewing patient files. Daily prosthesis use (hours):
estimated hours per day that the prosthesis was worn as re-
ported by patients. Daily walking distance with the prosthesis
(m): estimated distance walked in a day as reported by patients
Walking time without pain (min): estimated duration of walking
without pain as reported by patients. Assistance in ambulation
(Y/N): assessment of whether an ambulation aid (walker, crutch,
walking stick, etc.) was used as reported by the patients. Dura-
tion of adaptation to prosthesis (days): after the prosthesis was
made, the length of the rehabilitation process was evaluated
as determined by reviewing patient files. Prosthesis production
time (days): the elapsed time for the prosthesis to be made
and inserted into the patient after taking the residual limb size
of the patient as determined by reviewing patient files. Test
socket use (Y/N): assessment of whether a test socket was used
during production of the prosthesis as determined by reviewing
patient files.

The SF-36 questionnaire was used to evaluate the patient qual-
ity of life. Kocyigit et al. evaluated the validity and reliability
of the Turkish version of this questionnaire [16]. The SF-36
Health Survey contains eight domains, including physical func-
tion, physical role functioning, bodily pain, general health, vi-
tality, social role functioning, emotional role functioning, and
mental health, with a total of 36 items. Each domain is scored
on a scale of 0-100 points. Higher scores indicate better qual-
ity of life [16,17]. We evaluated adaptation to the prosthesis
and the quality of life using the Turkish version of the Trinity
Amputation and Prosthesis Experience Scales (TAPES) [18]. This
questionnaire is composed of psychosocial adjustment, activity
restriction, and prosthetic satisfaction subscales. Higher scores
in the psychosocial adjustment subscale indicate better psy-
chosocial adjustment, higher scores in the activity restriction
subscale indicate higher activity restriction, and higher scores
in the prosthetic satisfaction subscale indicate higher satisfac-
tion with the prosthesis [19]. Pain was evaluated using VAS.
The patients were instructed to mark the number that best cor-
responded to their pain level between O (no pain) and 10 (intol-
erable pain). A face-to-face interview was conducted with the
patients to complete the study forms and questionnaires. Data
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were analysed using the Statistical Package for the Social Sci-
ences, version 17 (SPSS Inc, Chicago, IL). The normality of the
variable distributions was tested by the Kolmogorov-Smirnov
test. In addition to descriptive statistics, comparison between
the groups was performed using the independent samples t-
test, and the Mann-Whitney U test was used as a nonparamet-
ric test. The x2 test with the Yates correction or Fisher’s exact
test was used for the comparison of nonparametric variables.
Quantitative variables were expressed as median (minimum-
maximum), and categorical variables were expressed as num-
bers and percentages. P < 0.05 was considered significant. The
sample size was calculated via the GPower statistical software
package. Physical function scores of SF-36 were evaluated by
comparing the change in primary outcome measures between
the groups. For the given effect size (0.9264) and alpha (0.05),
the power was 0.80 at a sample size of 32.

Results

The present study included 56 patients, 28 of whom were fitted
with CS (CS group) and 28 with a CAD/CAM socket (CAD/CAM
group). The mean patient age in the CAD/CAM and CS groups
was 40.50 + 8.64 and 35.50 + 9.17 years, respectively. Num-
ber of males and females was equal in the two groups (11/17).
The rate of unemployment was considerably high both in the
CAD/CAM and CS groups. Fourteen patients (50%) in the CAD/
CAM group and 10 (35.71%) in the CS group were unemployed.
With respect to the educational level, patients in the two groups
were primary school graduates. The cause of amputation in the
two groups was generally trauma. However, there was no sig-
nificant difference between the two groups with respect to age,
gender, body weight, income, educational level, cause of ampu-
tation, body mass index, or amputation side (p > 0.05 for each,
Table 1).

The daily walking time was higher in the CAD/CAM group than
in the CS group and the difference was statistically significant
(p = 0.020). Furthermore, there was a significant difference in
the time of production and application of the prosthesis to the
patient, favouring the CAD/CAM group (p = 0.017). VAS scores
were significantly different, favouring the CAD/CAM group (p
< 001). However, there was no significant difference between
the groups with respect to the duration of daily prosthetic use,
walking distance with the prosthesis, duration of walking with-
out pain, time of adaptation to the prosthesis and test socket
use (for each p > 0.05, Table 2).

The CAD/CAM patients performed significantly better in mental
and general health domains than the CS patients (p = 0.017
and p = 0.045, respectively). However, there was no significant
difference between the groups with respect to physical func-
tioning, physical role functioning, bodily pain, vitality, social
functioning, or emotional role functioning (for each, p > 0.05,
Table 3). The CAD/CAM patients performed better in the activ-
ity restriction domain than the CS patients (p = 0.012). How-
ever, there was no significant difference between the groups
with respect to other parameters of TAPES (p > 0.05, Table 3).

Discussion
In the present study, the CAD/CAM method yielded some bet-
ter results than the conventional method in improving patient

quality of life. Among other parameters of quality of life, CAD/
CAM patients achieved better results in general health, mental
health, and activity restriction scales. VAS scores were signifi-
cantly better in the CAD/CAM group.
favor of CAD / CAM during daily walking. This finding suggests
that patients using CAD/CAM sockets walk longer distances
while consuming less energy and oxygen. Users of CAD/CAM
sockets reported wearing their prosthesis longer than users of
conventional sockets. In addition, the CAD/CAM group achieved
significantly better results for manufacturing and fitting time.

Significantly results in

An appropriate socket is required for amputee mobilisation [20].
The socket is the interface between the prosthesis and the re-
sidual limb. Therefore, it is the fundamental element for suc-
cessful prosthetic fitting and plays a key role in load transfer

Table 1. Comparison of demographic characteristics between the CAD/CAM
and CS groups

CAD/CAM group
mean,standard
deviation, range

CS group
mean, standard P
deviation, range

Age, year 40‘8(;_%%64 35‘(?2_%;'1 ! 0.603°
Gender, male/female (6110/1;190/0) (6110/113230/0) 0.608°
Weight, kg 7??;_]*1%; ! 7(35'2(_)1*357)5 02222
e cn VO e o
Bodymassidex  OVIi0  paaras1y 00
Dominant hand 24/4 24/4 0.648°
right/left (86%-14%) (86%-14%)

Amputation side, 17/ 20/8 0.287°
right/left (61%-39%) (71%-29%)

Educational status

Illiterate 3(11%) 2 (7%)

Primary school 18 (64%) 15 (54%) 0.607°
High-school 5 (18%) 9 (32%)

Higher education 2 (7%) 2 (7%)

Income level

0-500 20 (71%) 19 (68%)

501-1000 5 (18%) 4 (14%) 0.727°
1001-2000 3(11%) 5 (18%)

Occupation

Unemployed 14 (50%) 10 (36%)

Worker 1 (4%) 2 (7%)

Officer 2 (7%) 1 (4%)

Student 2 (7%) 3(11%)

Housewife 7 (25%) 6 (21%)

Other 2 (7%) 6 (21%)

Cause of amputation

Trauma 14 (50%) 12 (42%)

Diabetes 1 (4%) 1 (4%)

gil';z:zral vessel 2 (7%) 2 (79%)

Gunshot injury 3 (0%) 2 (7%)

Infection 0(11%) 1 (4%)

Tumour 5 (17%) 5 (18%)

Congenital 3(11%) 5 (18%)

alndependent sample t-test, bx2 test.
TL, Turkish Lira.
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Table 2. Comparison of parameters of prosthesis use and clinical
characteristics between transfemoral CAD/CAM and CS groups

CAD/CAM group

CS group

mean, standard  mean, standard P
deviation, range  deviation, range
Duration of daily prosthetic 10.2 +1.96 12.0£1.66 02224
use (month) (4.8-49.2) (3.6-27.6) i
Using time with the prosthesis 12.68 £ 1.91 11.50 + 1.84 0.020°
(h/day) (6-16) (5-15) ’
Walking distance with the 1300+186 1150+164 01700
prosthesis (meters m/day) (900-2000) (100-1700) :
Walking time without pain 42.50+ 3.91 37.50+3.47 04274
(min) (20-120) (20-90) ’
Assisted walking with 1/27 (4%-96)  2/26 (7%-93%) 0.500°
prosthesis
Duration of adaptation to 9+ 097 (5-14) 13+ 1.18(7-21) 0.156°
prosthesis (day)
Prosthesis production time 34032 (2-5) 144123 (7-30)  0017°
(day)
VAS 1+ 0.13 (0-3) 3+ 027 (0-5) 0.001%
; ’ 5/23 6/22 o
Neurological deficits (18%-829%) (219%-79%) 0.500
) 1/27 2/26 o
Compression wounds (4%-969%) (7%-930%) 0.500
. 13/15 12/16 N
Ecchymosis (46%-54%) (@39%-57%) O
1711 15/13 0.394°

Test socket use

(61%-39%)

(54%-46%)

aMann-Whitney U test, ®x2 test.

Table 3. Comparison of the transfemoral CAD/CAM and CS groups using SF-

36 and TAPES

CAD/CAM group CS group
mean, standard mean, standard p
deviation, range deviation, range
median median
. . 70 +13.45 67.50 + 14.23 .
Physical Function (45-90) (71.75) (5-100) (68,50) 0.679
Physical role 25+ 7.49 25 +527 0.730°
functioning (0-100) (26.20)  (0-100) (25.80)
. . 74 +9.11 74 + 14.08 N
Bodily pain (41-90) (75.50)  (22-90) (73.45) 023
75.46 + 15.39 64.46 + 23.84 N
General health (42-95) (7250)  (32-82) (6100) 0%
g 60 £10.27 55 +11.05 R
Vitality (45-80) (62.25)  (5-80) (58.65) °1©
. - 75 £ 7.51 68.75+ 14.03 a
Social functioning (50-87.50) (7550) (25-100) (7125) 0722
Emotional role 3330 + 8.17 33.30 + 8.89 0,064
functioning (0-100) (33.50) (0-100) (33.50) :
61.14 + 9.54 5414 +11.55 .
Mental health (52-78) (62.65)  (44-72) (55.45) 97
Psychosocial 55.82 + 4.26 55.43 + 5.95 0.7772
adjustment (44-72) (55.50) (40-68) (54.80) '
(%]
i - L 5+1.02 8 +1.67 R
% Activity restriction (1-9) (5) (3-13) (8) 0.012
. . . 3914+ 417 39.18 + 2.80 .
Prosthetic satisfaction (33-47) (39.05) (35-46) (39.20) 0.970

aMann-Whitney U test

between the prosthesis and the residual limb [21]. It is also the
most important component for successful rehabilitation follow-
ing lower-extremity amputation [1,22]. There are various fac-
tors affecting energy consumption during walking in patients
with above-knee amputations. These factors include the quality
of rehabilitation programme, physical eligibility of the ampu-
tee, prosthesis adjustments, prosthetic foot, prosthetic device

weight, and socket type [23,24]. Early and immediate prosthetic
fitting decreases oedema and positively contributes to wound
healing, residual limb shaping, development of proprioception,
and patients’ psychological condition [14]. It is considerably dif-
ficult to produce prostheses, perform adjustments, and record
information using conventional methods [25]. Furthermore,
casting involves additional difficulties for the leg [15]. Captur-
ing the shape and volume of the residual limb using convention-
al methods is difficult. Furthermore, the conventional methods,
which are time-consuming, are insufficient for the increasing
number of patients requiring prostheses. The use of CAD/CAM
methods in the design and production of lower-extremity pros-
thetic devices has considerable advantages. Prosthetic devices
can be automatically and accurately designed by the technician
by entering simple data into the system. This gives the tech-
nician more time to handle problems arising in the prosthetic
clinic. The use of computerised systems and software while de-
signing the sockets using the CAD/CAM method provides sav-
ings on the material costs. Socket designs are accurate and
thus rely less on the technician’s skills. Furthermore, storage of
patient data in the digital CAD/CAM environment represents an
important data source for monitoring the progress and general
rehabilitation of the patients, many of whom will require a num-
ber of prosthetic devices and sockets in the future [26]. This
will, therefore, contribute to the improvement in rehabilitation
[6,11,22,27].

It has been suggested that the CAD/CAM socket design ad-
dresses all the problems that above-knee amputees experience.
Flandry et al. used prostheses with quadrilateral sockets in five
patients and then switched to prostheses manufactured with
the CAD/CAM method; they reported lower oxygen consumption
during walking with prostheses manufactured with the CAD/
CAM method [14]. Gailey et al. reported no difference between
patients fitted with quadrilateral and CAD/CAM sockets and the
control groups with respect to oxygen consumption (VO2) and
heart rate (HR). In the slow walking phase, they observed higher
VO2 (pt0.05) and HR (pt0.01) in the quadrilateral and CAD/CAM
groups than in the control group. However, there was no signifi-
cant difference between quadrilateral and CAD/CAM sockets
groups with respect to VO2 or HR [25]. The present study evalu-
ated the walking time with the prosthesis. The walking time
with the prosthesis was longer in the CAD/CAM socket group.
This finding suggests that patients using CAD/CAM sockets
walk longer distances while consuming less energy and oxygen.
Bayar et al. studied patients who used the two socket types. In
the comparison of the effects on ambulation, they found that
patients in the CAD/CAM socket group performed significantly
better with respect to the step length in the intact extremity,
support surface, cadence of walking, walking speed, ascending
and descending stairs, standing up from a chair and stepping
over obstacles. Furthermore, they also reported that CAD/CAM
sockets were superior in approximating ambulation activities of
patients to normal values than the use of quadrilateral sockets
[15]. The present study evaluated several parameters, such as
the duration of daily prosthetic use, walking distance with the
prosthesis, prosthetic gait pattern,, and time of adaptation to
the prosthesis. The duration of daily prosthetic use was signifi-
cantly better in the CAD/CAM group. In the study by Flandry et
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al., the mean walking speed was 44.5 m/min in the CAD/CAM
socket group and 40.4 m/min in the quadrilateral socket group
[14]. The present study found significantly better results in the
CAD/CAM group with respect to the duration of daily prosthetic
use (day/h). However, the walking distance with the prosthesis
was not different.

The present study has several limitations. First, prosthetic use
was collected using patient self-report. Second, the study did
not compare patients with the same occupation. Third, it did
not evaluate the psychological and emotional status of the pa-
tients.

Conclusions

The present study yielded some better results in the quality of
life parameters of patients with transfemoral amputation using
CAD/CAM sockets. Furthermore, the study determined improve-
ments in daily walking distance with the prosthesis, production
time of the prosthesis, and pain scores in favour of the CAD/
CAM socket group. Randomised and controlled studies on larger
numbers of patients evaluating more comprehensive parame-
ters are required.

Scientific Responsibility Statement

The authors declare that they are responsible for the article’s
scientific content including study design, data collection, analy-
sis and interpretation, writing, some of the main line, or all of
the preparation and scientific review of the contents and ap-
proval of the final version of the article.

Animal and human rights statement

All procedures performed in this study were in accordance with
the ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. No ani-
mal or human studies were carried out by the authors for this
article.

Funding: None

Conflict of interest

None of the authors received any type of financial support that
could be considered potential conflict of interest regarding the
manuscript or its submission.

References

1. Pirouzi Gh, Abu Osman NA, Eshraghi A, Gholizadeh SAH, Wan Abas B. Review of
the Socket Design and Interface Pressure Measurement for Transtibial Prosthe-
sis. The Scientific World Journal 2014; 1-9.

2. Mitchell CA, Versluis TL. Management of an Above-Knee Amputee with Complex
Medical Problems Using the CAT-CAM Prosthesis. Phys Ther. 1990; 70: 389-93.
3. Saunders CG, Foort J, Bannon M, Lean D, Panych L. Computer aided design of
prosthetic sockets for below-knee amputees. Prosth Orthot Int. 1985; 9: 17-22.
4. Davies RM, Lawrence RB, Routledge PE, Knox W. The rapid form process for
automated thermoplastic socket production. Prosth Orthot Int. 1985; 9: 27-30.

5. Klasson B. Computer sided design, computer aided manufacture and other com-
puter aids in prosthetics and orthotics. Prosth Orthot Int. 1985; 9(1): 3-11.

6. Sanders JE, Severance MR. Assessment technique for computer- aided manu-
factured sockets. ] Rehabil Res Dev. 2011; 48: 763-74.

7. Sewell P, Noroozi S, Vinney J, Andrews S. Developments in the trans-tibial pros-
thetic socket fitting process: a review of past and present research. Prosthet Or-
thot Int. 2009; 24: 97-107.

8. Rogers B, Bosker GW, Crawford RH, Faustini MC, Neptune RR, Walden C. et al.
Advanced trans-tibial socket fabrication using selective laser sintering. Prosthet
Orthot Int. 2007; 31: 88-100.

9. Legro MW, Reiber GD, Smith DG, Aguila MD, Larsen J, Boone D. Prosthesis
evaluation questionnaire for persons with lower limb amputations: assessing
prosthesis-related quality of life. Arch Phys Med Rehabil. 1998; 79: 931-8.

10. Lemaire ED, Bexiga P, Johnson F, Solomonidis SE, Paul JP. Validation of a quan-
titative method for defining CAD/CAM socket modifications. Prosthet Orthot Int.
1999; 23: 30-44.

11. Andrysek J. Lower-limb prosthetic technologies in the developing world: a
review of literature from 1994-2010. Prosthet Orthot Int. 2010; 34: 378-98.

12. Schuch CM, Pritham CH. Current transfemoral sockets. Clin Orthop. 1999; 361:
48-54.

13. Narang YS, Murthy Arelekatti VN, Winter AG, V. The Effects of the Inertial
Properties of Above-Knee Prostheses on Optimal Stiffness, Damping, and En-
gagement Parameters of Passive Prosthetic Knees. ASME. ] Biomech Eng. 2016;
138(12): 121002-10.

14. Flandry F, Beskin J, Chambers RB, Perry J, Waters RL, Chavez R. The effects
of the CAT-CAM above-knee prosthesis on functional rehabilitation. Clin Orthop.
1989; 239: 249-62.

15. Bayar K, Sener G. Diz tstii amputelerde iki farkl soket tipinin ambulasyon
lizerine etkisi. Fizyoterapi Rehabilitasyon. 2003; 14(3): 100-4.

16. Kogyigit H, Aydemir O, Fisek G, Olmez N, Memis A. Kisa Form-36 (KF-36)'nin
Turkge versiyonunun giivenilirligi ve gecerliligi. Romatizmal hastaligi olan bir grup
hasta ile calisma. ilag ve Tedavi Dergisi. 1999; 12: 102-6.

17. Lundgren-Nilsson A, Tennant A, Grimby G, Sunnerhagen KS. Cross-diagnostic
validity in a generic instrument: an example from the functional independence
measure in Scandinavia. Health Qual Life Outcomes 2006; 4: 55.

18. Topuz S, Ulger O, Yakut Y, Sener FG. Reliability and construct validity of
the Turkish version of the Trinity Amputation and Prosthetic Experience Scales
(TAPES) in lower limb amputees. Prosthet Orthot Int. 2011; 35: 201-6.

19. Gallagher P, MacLachlan M. The development and psychometric evaluation of
the Trinity Amputation and Prosthesis Experience Scales (TAPES). Rehabil Psychol.
2000; 45: 130-55.

20. Lilja M, Oberg T. Proper time for definitive transtibial prostheticfitting. J Pros-
thet Orthot 1997; 9: 90-6.

21. Lemaire ED, Upton D, Paialunga J, Mertel G, Boucher ). Clinical analysis of a
CAD/CAM system for custom seating: a comparison with hand-sculting methods.
) Rehabil Res Dev. 1996; 33: 311-20.

22. Faustini MC, Neptune RR, Crawford RH, William ER, Gordon B. An experimen-
tal and theoretical framework for manufacturing prosthetic sockets for transtibial
amputees. IEEE Trans Neural Syst Rehabil Eng. 2006; 14: 304-10.

23. Chin, T, Sawamura, S, Fujita, H, Nakajima, S, Oyabu, H, Nagakura, Y, et al.
Physical fitness of lower limb amputees. Am J Phys Med Rehabil. 2002; 81: 321-
25.

24. Gitter AH, Czerniecki J, Meinders M. Effect of prosthetic mass on swing phase
work during above-knee amputee ambulation. Am J Phys Med Rehabil. 1997; 76:
114-21.

25. Gailey RS, Lawrence D, Burditt C, Spyropoulos P, Newell C, Nash MS. The
CAT-CAM socket and quaddateral socket: a comparison of energy cost during
ambulation, Prosthet Orthot Int. 1993; 17: 95-100.

26. Childress DS. Presentation highlights: Computer-Aided Design and Manufac-
ture (CAD-CAM). ) Rehabil Res Dev. 2002; 39: 15-16.

27. Zidarov D, Swaine B, Gauthier-Gagnon C. Quality of life of persons with lower-
limb amputation during rehabilitation and at 3-month follow-up. Arch Phys Med
Rehabil. 2009; 90: 634-45.

How to cite this article:

Aydin A, Ati¢ R, Aydin ZS, Alemdar C, Karakog M, Nas K, Em S. Effects of the use
of conventional versus computer-aided design/computer-aided manufacturing
sockets on clinical characteristics and quality of life of transfemoral amputees. )
Clin Anal Med 2019;10(1): 67-71.

Journal of Clinical and Analytical Medicine | 71



